Danish legislation prescribes surveillance of footpad dermatitis (FPD) at slaughter as an indicator of on-farm broiler welfare. The 3-point scale being used was originally developed in Sweden to score feet from conventional broilers, but the extent and causes of misclassifications have not been investigated, neither in conventional nor organic broilers. Hence, we investigated the performance of the official Danish FPD scoring system in conventional and organic broilers by assessing agreement between official scores from the slaughterhouse and consecutive scoring of the same feet by a reference method. We also investigated the impact of performing an incision of the footpad during scoring. In total, 902 conventional and 897 organic broiler feet (∼100 per flock from 18 flocks) were collected at a large Danish slaughterhouse for the official FPD surveillance system. Laboratory scoring, according to predefined criteria for visual and invasive investigations of the feet derived from the official system, was compared to the official scores assigned at slaughter. Footpad lesions were primarily chronic, representing a wide range of severity. Marked differences in color, shape, and degree of papillary hypertrophy and hyperkeratosis of organic and conventional feet were observed. Low agreement primarily regarding score 2 lesions was observed when comparing official and reference foot scores in conventional (0.31) and organic (0.05) broilers. Variation in agreement when comparing flock scores suggested a non-systematic bias, which might be attributed to differences among official raters. The very low agreement in feet from organic broilers shows that these were more difficult to score than conventional. This might be due to a mismatch between lesion characteristics and scoring criteria, or because the lesions were less severe. Strictly visual examination detected 3 out of 4 score 2 lesions identified by the reference method. This study indicated that a large proportion of severe FPD lesions go unnoticed in the official Danish scoring system. The results further suggested that the complexity and impracticality of the scoring criteria impede uniform scoring among raters and production systems.
INTRODUCTION
Footpad dermatitis (FPD), also called footpad lesions or pododermatitis, is a well-recognized, multifactorial syndrome of welfare concern in broiler chicken production. This type of contact dermatitis affects the plantar surface of the birds' feet (Greene et al., 1985) . In conventional broilers, lesions have been described to develop from initial discoloration into hyperkeratosis and necrosis of the epidermis. In severe cases, ulceration and inflammation of the subcutaneous tissues can develop C (Greene et al., 1985; Martland, 1985) . Such a severity gradient has recently been confirmed microscopically (Michel et al., 2012) . Lesions are expected to be painful (Michel et al., 2012) , although a correlation with pain and lameness has been documented only for severe lesions in turkeys (Martland, 1984; Wyneken et al., 2015) . The onset of FPD has been reported as early as 7 d of age in conventional broilers (Hashimoto et al., 2011) , and experimental studies have shown that increasing age at slaughter is a predictor of flocks with many FPD lesions (Bilgili et al., 2006; Baeza et al., 2012) .
Comparison of studies on the occurrence of FPD is compromised by the fact that scoring systems differ with respect to scoring criteria and scale. Some scoring systems are primarily based on the size of lesions (2-dimensional) as in the United Kingdom (Martland, 1985; Pagazaurtundua and Warriss, 2006b) , while others in principle discriminate on both size and depth 2018 of lesions (3-dimensional) as in France (Allain et al., 2009; Michel et al., 2012) , Sweden (Ekstrand et al., 1997) , and Denmark (DVFA, 2014a,b,c) .
Since 2002, surveillance and control of FPD have been conducted in Danish broiler slaughterhouses according to the Departmental Order on Broiler Husbandry and Production of Hatching Eggs (Ministry of Food, Agriculture and Fisheries of Denmark, 2010) . The Danish surveillance system is derived from the Swedish counterpart implemented in 1994 (Ekstrand et al., 1998) and comprises a 3-point scale, in which scores 0, 1, and 2 designate no, less severe, and severe footpad lesions, respectively. In total, 100 feet per flock (2 x 50 feet) are sampled from the processing line for scoring. A flock score, ranging from 0 to 200, is subsequently calculated for each flock with direct payment and enforcement implications (DCAW, 2012) .
Danish consumers are increasingly interested in broiler welfare, and organic broiler production has gained market shares in Denmark in recent yr (Christensen et al., 2014) . Evidence of significantly higher official FPD flock scores in Danish organic broiler flocks compared to conventional has recently been reported (Lund, 2015) , in concurrence with a previous study in the United Kingdom (Pagazaurtundua and Warriss, 2006a) . Whether this difference is due to a higher prevalence of footpad lesions in organic broilers or due to bias associated with misclassification by the official assessment method is unknown. The official Danish FPD scoring system was originally developed for use in conventional broilers. However, the performance of the assessment method in the scoring of conventional and organic broiler feet has not been investigated previously. As the flock scores have direct economic consequences and enforcement implications with potential derived animal welfare benefits, when the scores are accurate, it is highly relevant to evaluate the system in terms of performance in both organic and conventional broilers.
The objective of this study was to evaluate the performance of the official Danish footpad lesion scoring system in conventional and organic broiler flocks. Agreement between official scores from the abattoir and consecutive scoring of the same feet in a laboratory setting following systematic gross pathological examination was assessed by comparing both foot scores and overall flock scores. To evaluate if the official scoring method accurately assesses lesion depth as a criterion defining lesion severity, the study also investigated the impact on the score of performing an incision of the footpad.
MATERIALS AND METHODS

Official Danish Scoring Guidelines
The Danish official guidelines to footpad lesion scoring comprise written guidance to definitions of scores (DVFA, 2014c) and 2 independent photographic guides displaying examples of average or typical lesions within the 3 scores and guidance on scoring of incised lesions (DVFA, 2014a,b) . The guidance prescribes incision of feet, only in case of doubt about lesion severity. The scoring criteria are based on size and depth of lesions of the central footpad (DVFA, 2014b) . Feet scored 0 are described as without lesions or with minor and superficial lesions, mild discoloration of limited extent, and hyperkeratosis. The discolored area must not exceed the size of the head of a matchstick. Score 1 lesions are described as mild, superficial lesions characterized by discoloration and dark papillae. An ulcer the size of the head of a matchstick, if being the only lesion of the central footpad, should also be scored 1. As a rule of thumb, the crusts of score 1 lesions are nondetachable. The guidelines used describe the method to assess this as being to scrape the footpad lesion with a nail or a knife. Score 2 lesions on the other hand are described as severe lesions characterized by ulcers or crusts, with signs of hyperemia and swelling. An exception to the criterion of crust detachability is the socalled "cigarette burn lesion" that is described as a circular, clearly demarcated and concave ulcer with non-detachable crust (DVFA, 2014c) . The official raters are calibrated once per yr by an external expert that gives feedback to the individual raters. New official raters are trained on the job by a more experienced colleague. (For further information or photo-illustrated guidelines in Danish, please contact the DVFA.)
Study Population and Design
The target population of the study was conventional and organic broiler flocks reared according to current EU legislation on conventional and organic broiler production, respectively, to comparable age at slaughter (5 vs. 8 wk), transported under similar climatic conditions, and for which the method of FPD assessment was similar to the system reported in the current study.
In total, 1,799 broiler feet (∼100 feet per flock from 9 organic and 9 conventional flocks) were collected at a major Danish slaughterhouse during a 4-week period in August and September 2014, where the needed investigators were available to perform the laboratory investigations of the feet. That slaughterhouse processed 35,158,858 broilers in 2013 35,158,858 broilers in (DVFA, 2014d , accounting for approximately 33% of the Danish broiler production (107,098,800 broilers slaughtered in Denmark in 2013) (Statistics Denmark, 2014) .
Sampling of Flocks. Due to the limited number of organic broiler flocks processed weekly, the official veterinarians and technicians in the slaughterhouse (i.e., the official raters) were instructed to include all organic broiler flocks slaughtered in the study period. To ensure as large a variation in footpad lesion severity across all the sampled feet as possible, the official raters were instructed to include conventional flocks that were suspected of having many and/or severe footpad lesions.
A corresponding number of organic and conventional flocks were sampled weekly until the desired total number of flocks had been reached (n = 18). The total number of flocks was limited to 18 due to time and resource constraints.
As stated in the Danish legislation, the official veterinarians and technicians have to randomly sample 100 feet (from individual birds) per broiler flock for the Danish footpad lesion surveillance program. The sampling is performed in 2 stages with 50 feet from the first third and 50 feet from the last third of the processed broiler flock. In flocks of fewer than approximately 5,000 broilers (organic flocks included), only one stage sampling is practically possible because of the line speed.
Immediately after scoring, the official raters placed the feet in separate plastic bags designated with score 0, 1, or 2, farm identification number, house number, and date of collection. The official raters were anonymous. The bags were stored in a freezer on-site until shipping on Thursdays. The bags were received on Fridays in the laboratory of the Department of Veterinary Disease Biology, Faculty of Health and Medical Sciences, University of Copenhagen, Frederiksberg C, Denmark. The marked bags were stored in a freezer until approximately 12 h before the laboratory examinations took place, when they were moved to a refrigerator for thawing.
Laboratory Scoring Set-up
The laboratory scoring was performed by 2 raters (author number one [rater 2] and 3 [rater 1] of this manuscript), 1) for calibration of the reference method as described below, and 2) to ensure that the rater assigning the reference method scores to be compared to the official scores (rater 2) was blinded regarding the official score and whether the foot originated from a broiler reared in conventional or organic production.
Both raters had received relevant training by 2 pathologists at the University of Copenhagen, and rater 2 also had received practical instructions by an official veterinarian in the participating slaughterhouse prior to the study. Approximately 100 feet with known official scores collected during a pre-study slaughterhouse visit was initially used to instruct the raters in the laboratory. Based on assessment of these feet, the original scoring criteria described by Ekstrand et al. (1997) and the official guidelines of the Danish veterinary authorities, an assessment protocol was developed to ensure systematic assessment and registration of scoring criteria and scores. The protocol was tested by both raters on another 219 feet from 2 conventional and one organic flock with pathologist supervision to further calibrate the raters, and these feet were subsequently not included in the study. The assessment protocol was used throughout the examinations of all 1,799 feet included in the study. r An ulcer no larger than 4 mm * and no other lesions or discoloration.
r Lesion of the central footpad with epidermal necrosis; the basal membrane is not affected. Healthy epidermis is visible below the crust. Score 2 r An ulcer of the central footpad with necrotic and thinned-out epidermis to the basal membrane or through to the dermis. Healthy epidermis is not visible below the crust.
r An ulcer smaller than 4 mm * accompanied by discoloration of a larger area. * Equivalent to the size of the head of a matchstick, which is the phrase used to describe the measure of size in the official Danish guidelines.
Prior to assessment by rater 1, the farm identification number, house number, date of slaughter, and official score were noted in a registration form and each foot was marked with a unique number to ensure traceability. Rater 1 scored the feet knowing the production system and the official score, whereas rater 2 was blinded to both. Blinding regarding the production system was, however, compromised by the fact that organic feet appeared remarkably different from conventional feet in size, shape, and color. Both raters visually assessed the same criteria: presence of discoloration of scales, epidermal necrosis defined as loss of papillary structure and organization, loss of epidermal tissue defined as concave lesion surface, and exposed dermis on the lesion surface (Table A1) , and independently assigned an FPD score to each foot (Table 1) . The presence of scarring of the central footpad was registered by rater 2. Immediately after the initial scoring according to visual criteria, rater 2 made an incision in feet with lesions of the central footpad to be able to visually assess the degree of thinning of the epidermis, including the diameter of the thinned proportion and the presence of dermal hyperemia. The incision spanned the full diameter of the central footpad (along the longest diameter of the lesion) and all feet were incised to the subcutaneous adipose tissue. A final reference method FPD score was then given based on the incision and the visual criteria altogether.
Inter-rater Agreement of Reference Method
To assess the effect of rater on the reference method scores, rater 1 also performed an individual blinded scoring of the last 200 feet using the reference method. Blinding was ensured by randomizing the order of the feet before scoring and rater 1 did not know the scores recorded by rater 2. The last 2 flocks consisted of 100 organic and 100 conventional feet. The sample size of 200 feet was chosen for practical reasons without knowing what the distribution of scores would be in those flocks.
Data Handling
Data were entered directly into Microsoft Excel spreadsheets (Microsoft Office Excel 2010, Redmond, WA) during the feet examinations. Prior to the statistical analyses the dataset was checked for missing values. Five logical mistakes were detected and corrected as appropriate. Flocks were numbered consecutively from 1 to 18 based on farm identification number, house number, and slaughter date. FPD flock scores were calculated based on the total number of feet scored 0, 1, and 2 as received from the slaughterhouse, and as scored by the reference method, as prescribed by Danish legislation:
FPD flock score = 0.5 * (number of feet scored 1) + 2 * (number of feet scored 2)
Slaughterhouse Data on Sampled Flocks
On-farm production data and slaughterhouse records of antemortem and postmortem findings of all 18 flocks were provided by the slaughterhouse. The flock scores reported in the official recording sheets from the slaughterhouse did not correspond exactly to the calculated flock scores in 3 organic and 4 conventional flocks. In 4 of these 7 flocks, the number of feet received did not sum to 100, but this could not explain the discrepancy of one or 2 feet in every case. In 2 other flocks with identical official and calculated flock scores, the feet received did not sum to 100 either. The reason for these discrepancies remains unexplained. For further analyses, the calculated foot and flock scores were used.
Statistical Analysis
Data were analyzed using statistical analysis software (R, version 3.1.1, Boston, MA) in combination with Microsoft Excel. A recent study investigated the level of FPD flock scores in Danish organic and conventional broiler flocks slaughtered in 3 major slaughterhouses in 2012 to 2014 (Lund, 2015) . The flock scores of the sampled flocks were compared to these average flock scores (square root transformed) to evaluate the external validity. The agreement when comparing scoring methods using foot scores was assessed using a Bayesian estimation method to calculate conditional probabilities for the official scores compared to the reference method (Markov Chain Monte Carlo simulation with the packages MCMCpack and coda in R) (Plummer et al., 2006; Martin et al., 2011) . Agreement when comparing scoring methods using flock scores was evaluated by inspecting Bland Altman plots. Comparison of prevalences of the individual visual criteria in conventional and organic feet was performed only within scores to minimize selection bias as caused by the differences in sampling strategy between the 2 production systems. Relative risk (RR) was the measure of association chosen and t test was used to test the differences among continuous variables. The level of significance was set at P < 0.05.
RESULTS
Descriptive Statistics on Flocks
The organic flocks originated from different houses at 5 different producers and the number of day-old chicks placed in the houses ranged from 4,800 to 4,896. The organic flocks were JA757 (Hubbard) hybrids, either single sex or mixed sex flocks with an average age at slaughter of 60.3 days. The conventional flocks originated from different houses at 7 different producers and the number of day-old chicks placed in the houses ranged from 20,000 to 46,500. The conventional flocks were all mixed sex flocks of Ross 308 hybrids with an average age at slaughter of 36.4 days.
The average official FPD flock score was 27.1 (range: 7.5 to 53.0) for the organic flocks and 48.1 (range: 4.0 to 106.5) for the conventional flocks. The flock scores of the sampled organic flocks corresponded to the lowest seasonal level recorded in a nationwide database from June through August in 2012 to 2014 (mean: 27.2, range: 3 to 96, n = 76), whereas the flock scores of the sampled conventional flocks tended to be higher than the highest seasonal level, which occurred from December through February in 2012 to 2014 (mean: 36.1, range: 0 to 200, n = 2,785) (Lund, 2015) .
Description of Footpad Lesions
The examinations of the 902 conventional and 897 organic broiler feet demonstrated footpad lesions characterized by varying degrees of discoloration, hyperkeratosis, and necrosis of papillae of primarily the central footpads of the chicken feet. The findings varied from intact footpads to severe lesions characterized by ulcers with complete loss of epidermis resulting in exposed dermis. In general, the organic feet were yellowish in color with a more elongated shape and longer toes compared to conventional feet that were pinkish in color and more squared in shape with shorter toes. The integument of the feet from organic broilers was to a larger extent characterized by hypertrophy and hyperkeratosis of the papillae of both the central footpads and of the toes more so than the feet from conventional broilers. Furthermore, the severe lesions of organic broiler feet were generally less dominated by loss of epidermal tissue and clear demarcation of the lesions of central footpads compared to the conventional feet.
Distribution of Official and Reference Method Scores in Conventional and Organic Broilers
The distribution of official and reference method FPD scores in the conventional and organic broiler feet examined is presented in Figure 1 . The frequency of feet scored 0 was similar regardless of the method used. The frequency of score 2 was markedly higher when scored by the reference method compared to the official scores. The overall distribution of scores also was manifested when comparing flock scores (Figure 2 ).
Agreement Between Official Scores and the Reference Method
Seven of the conventional feet and 14 of the organic feet were scored higher in the official scoring system than by the reference method, whereas 274 conventional and 265 organic feet were scored higher using the reference method than in the official scoring system. Hence, the study demonstrated a marked disagreement between the official scores that generally were lower than the scoring by the reference method, most prominently in feet scored 2 by the reference method (Table 2) . Furthermore, clear differences in the misclassifications were present between the production systems. For instance the conditional probability of a foot that was scored 2 by the reference method being scored 2 by an official rater was around 6 times higher for conventional feet (0.31 (95% CI: 0.27 to 0.36)) compared to organic feet (0.05 (95% CI: 0.03 to 0.08)).
Inter-rater Agreement of the Reference Method. In the final 200 feet examined, the conditional probability of rater 1 scoring 2, when rater 2 had scored 2, was higher for conventional feet (0.96 (95% CI: 0.87-0.98)) compared to organic feet (0.62 (95% CI: 0.32-0.80)). It was investigated whether it would make a difference to the level of agreement between the official and the reference score, if rater 1 was the reference rater instead of rater 2. Rater 1 would have scored 22.0% organic feet score 2 (as opposed to 29.0% by rater 2) compared to 1.4% by the official raters. Regarding the conventional feet, rater 1 would have scored 41.6% score 2 (as opposed to 41.1% by rater 2) compared to 13.1% by the official raters. Figure 3 illustrates that higher disagreement between official and reference method flock scores tended to be associated with increasing mean flock score in both organic and conventional flocks. In the face of the clear dependency between the mean flock score (indicative of the underlying occurrence of FPD lesions in the flock), it is not meaningful to calculate the mean difference between the official and reference method scores across all flocks.
Association Between Flock Level Agreement and the Mean Flock Score
Distribution of Criteria and Association with Scores in Organic and Conventional Feet
In total, 1,046 of 1,799 (58.1%) feet examined had a measurable lesion of the central footpad ranging from discoloration to ulceration. The distribution of the Comparison of the distribution of criteria per score by the reference method (RM) in sampled Danish conventional (n = 902) and organic broiler feet (n = 897), with risk in conventional (R conv ) and organic (R org ) broiler feet and relative risk (RR) with 95% confidence interval (CI), n = 1,799. Table 3 . Epidermal necrosis was observed in both organic and conventional score 1 and 2 feet, but the RR of epidermal necrosis was a 5.8 to 6.4 times higher in organic and conventional score 2 feet compared to score 1. Loss of epidermal tissue and exposed dermis were almost exclusively observed in score 2 feet, but the RR was higher in conventional feet compared to organic. Hyperemia was rare in both organic and conventional score 2 feet (Table 3) . In total 24 (2.7%) conventional and 65 (7.2%) organic feet had scars of varying sizes. The scars were characterized by profound fibrosis and distortion of the basal membrane to a degree that made it difficult to visualize. The RR of scars was substantially higher in feet with lesions compared to score 0 feet (Table 3) .
Characterization of Misclassified Feet. Feet that were scored 1 by the official raters and 2 by the reference method were of intermediate severity as indicated by the RR for the criteria epidermal necrosis, loss of epidermal tissue, and exposed dermis being present in misclassfied feet vs. in feet scored the same by the reference method (data not shown).
Impact of the Incision on the FPD Score
Strictly visual examination without incising the footpad had reduced sensitivity of detecting score 2 lesions compared to the reference method in both conventional (0.73 [95% CI: 0.68 to 0.77]) and organic feet (0.75 (95% CI: 0.69 to 0.80)). The feet that were misclassified as score 1 without incising the footpad were characterized by a 3.6 to 3.7 times higher RR of epidermal necrosis compared to feet scored 1 by the reference method, whether conventional or organic. No difference in the relative risk of loss of epidermal tissue was detected in either conventional or organic feet.
DISCUSSION
The study provides the first independent systematic evaluation of the performance of the official Danish footpad lesion scoring system for organic and conventional broilers. The depth of the footpad lesion is the cardinal feature in the scoring system separating feet into scores 1 and 2. Therefore a reference method assessing the depth of lesions was needed to evaluate the performance of the system. As previous studies show contradicting results regarding the correlation between histopathology and macroscopic footpad lesions (Mayne et al., 2007; Michel et al., 2012) , a standardized incision combined with a set of visual criteria was chosen as a feasible reference method. The reproducibility of the reference method was overall regarded as acceptable, although inter-rater agreement on assigning feet to score 2 was higher for conventional (0.96) compared to organic feet (0.62), possibly influenced by lesion severity as the official flock score was substantially higher for the conventional (144.5) compared to the organic subsample flock (41.5). However, as the disagreement on scoring 2 between the official and reference method was equally high when rater 1 or 2 was the reference, the magnitude of the disagreement between the reference (rater 2) and official scores was regarded reliable.
Inter-rater Agreement Between Official and Reference Method Scores in Conventional and Organic Broilers
The observed disagreement was to a very high extent restricted to classifying lesions as severe (score 2) (Figure 1) . It was reasoned that feet with no or very minor lesions would not be scored differently after a thorough gross pathological examination as opposed to feet with more severe lesions. The linear association in Figure 3 between difference in official and reference method flock score and the mean flock score indicates that agreement tends to decrease with higher flock scores. The wide confidence interval on the mean difference (dotted lines, Figure 3 ) suggests a substantial flock variation in inter-method agreement, but not a systematic bias, especially in the organic flocks. This variation is suggested in part to be due to inter-rater differences between the official raters. Previous studies using meat inspection data from broiler slaughterhouses (Saint-Hilaire and Sears, 2003; Lupo et al., 2009) and slaughterhouses processing other species (Edwards et al., 1999; Nielsen et al., 2015) have indicated nonuniformity in recording condemnation causes between official raters. Reasons behind this could be linked to differences in line speed among slaughterhouses , though this does not explain the inter-rater agreement variation among flocks in the current study. Other possible causes of bias between official raters could be related to familiarity with usual performance of farmers, the production systems, and experience with the scoring procedure. The on-the-job training of new official raters also may promote individual differences, especially if scoring criteria imply interpretation, e.g., on how to differentiate between a lesion and an ulcer (Table 1) .
A few studies on FPD prevalence have reported high inter-rater agreement for a range of footpad lesion classification methods (Martrenchar et al., 2002; Pagazaurtundua and Warriss, 2006b; Haslam et al., 2007; Allain et al., 2009 ); however, none of these studies compared official raters, but measured agreement in an experimental setting among a few trained raters. A laboratory setting allows for more time spent on examining each foot than on the processing line, thus providing a much more optimal environment for scoring. This might be part of the explanation behind the disagreement between official and reference method scores in the current study and the reduced sensitivity by official raters to recognizing visual indicators of lesion severity. This was exemplified by the very high disagreement between official and reference flock scores in 3 organic flocks despite a more pronounced lesion severity in these flocks compared to the remaining organic flocks.
Causes of Difference in Inter-Rater Agreement Between Organic and Conventional Feet
The thicker hyperkeratotic crust and hypertrophic papillae observed in organic feet might evoke a less accurate visual and palpatory assessment of lesion depth and thereby higher risk of misclassification when not adding an incision, maybe contributing to the more pronounced disagreement on organic feet compared to conventional. Skin quality has been observed to differ among broiler strains (Kafri et al., 1986) . Furthermore, strains with different growth rates differ regarding susceptibility to footpad lesions (Sarica et al., 2014) . Kapell et al. (2012) also reported an interaction between strain and environment in relation to FPD. However, the impact of genetic and environmental differences between the production systems on lesion appearance and severity could not be investigated in the present study.
The more pronounced healing in organic feet also was manifested as a higher prevalence of scars (Table 3) . Feet with scars were characterized by profound fibrosis, as reported by Greene et al. (1985) , and often by a hardly distinguishable basal membrane. In most cases the scar was accompanied by a score 1 or 2 lesion of less chronic nature. Scars have been reported as a rare finding in a previous study on conventional feet (Michel et al., 2012) , thus corresponding to the low prevalence in conventional broilers indicated in this study. It is suggested that the higher prevalence of scars observed in organic feet is associated with higher slaughter age, but a different study design is needed to confirm the pathogenesis. In support of this, scars were also a frequent finding in a recent study on footpad lesions in broiler breeders of fast-growing genotype (Kaukonen et al., 2016) .
The characteristic and easily assessable lesion type entitled "cigarette burn lesion" in the Danish official scoring guidelines was almost exclusively observed in conventional score 2 feet, illustrated by the more frequent occurrence of loss of epidermal tissue and exposed dermis in conventional score 2 feet as opposed to organic (Table 3) . A previous study has described a similar lesion type in conventional feet (Michel et al., 2012) . Whether the lack of "cigarette burn lesions" is a general feature of organic feet, or primarily caused by the lesions of the sampled organic feet being milder, remains unexplained.
In accordance with the sampling method, the sampled conventional flocks had relatively high official flock scores compared to conventional flocks across all seasons, whereas the official flock scores of the sampled organic flocks corresponded to the lowest seasonal level. To be able to generalize the conclusions of the current study, it needs to be repeated to cover all seasons, increasing the likelihood that the full spectrum of lesion severity has been investigated.
Impact of the Incision on the FPD Score
Approximately 3 in 4 conventional or organic score 2 feet would have been correctly classified as score 2 without adding an incision. However, the study indicated that severe lesions that were misclassified as score 1 without an incision were milder score 2 lesions compared to lesions that were not misclassified. It is suggested that the less pronounced visual criteria made these feet prone to misclassification. This suggests that if accepting a certain proportion of false-negative score 1 feet of bordering severity, an incision is of less importance in classifying footpad lesions under laboratory conditions.
Potentials for Improvement of the Official Danish FPD Scoring System
The study indicated that the Danish footpad lesion scoring system can be improved by identifying clearcut and objective criteria to make less room for interpretation and thereby increase scoring uniformity. In a previous study, some individual scoring criteria were associated with more disagreement among the reference raters than others, and alternative criteria may be relevant to include to improve repeatability (A.R.S. Oliveira, unpublished data). When comparing the reference and official raters, exposed dermis was recognized by both as a score 2 criterion, whereas epidermal necrosis and loss of epidermal tissue were less frequently associated with severe lesions by the official raters. Hyperemia was a rare finding, as was an incision of the footpad to enable assessment of hyperemia by the official raters (one in 1,799 feet). Therefore hyperemia is discouraged as a scoring criterion. The current scoring system describes typical or average severity lesions compatible with scores 1 and 2, not borderline cases that pose the real challenge to uniform scoring. Other authors have reported a high degree of inter-rater agreement when providing instructions on how to score borderline cases (Ekstrand et al., 1998) . It is proposed to develop clear and easy-to-use photographic guidance representing the full range of lesions in both conventional and organic feet.
The Danish broiler industry has seen a marked decline in flock scores since the entry into force of mandatory FPD monitoring in 2002 (Kyvsgaard et al., 2013) . If the lesions have, in general, become less severe, it may have affected the misclassification risk. The potential mismatch between the lesions encountered and the scoring criteria might lead to fewer feet scored 2, as illustrated by the difficulty in correctly classifying score 2 lesions of intermediate severity. Previous studies have demonstrated a genetic component to FPD (Kjaer et al., 2006; Kapell et al., 2012) , which also may reduce severity and change appearance of lesions over time. Therefore, it is suggested that any FPD scoring system should be regularly reviewed to ensure that the scoring criteria match the appearance and severity of lesions.
The observed range of lesion severity was larger than the 3 levels used in Danish legislation. Previous studies have reported higher inter-rater agreement (among 3 raters) when using a 5-point rather than a 3-point scale (Haslam et al., 2007) . Our study, however, indicates that merging scores 1 and 2 to create a dichotomous scale would increase scoring uniformity. A major disadvantage of such a simplification is that it does not differentiate between less severe and severe lesions, why farmers risk being treated unequally, or why scores will be less meaningful in terms of prevention. However, this possibility could be further explored.
In our study correlations between lesion size and visual criteria indicating profound lesions were not explored. However, if such a correlation exists it might be possible to suggest a feasible cut-off point between score 1 and 2 to improve scoring uniformity. This is underpinned by Kapell et al. (2012) , who reported a high inter-rater agreement on scoring of FPD lesions based on the affected area of the footpad.
CONCLUSIONS
In conclusion, this study reported a high disagreement when comparing FPD foot scores in conventional and organic broilers between scoring by official raters as part of the official Danish footpad lesion surveillance system and scoring performed in a laboratory setting using a standardized reference method. Overall, a large proportion of severe lesions go unnoticed. In the studied feet, a large range of severity of primarily chronic lesions was observed, as well as differences in appearance of lesions between organic and conventional feet.
The disagreement was more pronounced in organic feet compared to conventional, which was attributed to the organic lesions being more difficult to score, both in the slaughterhouse setting and in the laboratory. This might be due to a mismatch between lesion characteristics and scoring criteria, or because the lesions were less severe. On an overall scale, farmers may be treated non-uniformly, though further investigations are needed to cover the full range of severity of lesions at all times of year to obtain a fully valid evaluation of the scoring system.
The study indicates a need to amend the official Danish scoring guidelines to describe the full range of lesions and how to assign them to scores to maximize inter-rater agreement and safeguard fairness regarding payment schemes and enforcement measures. Technical constraints related to time spent on scoring and feasibility of criteria, along with seasonal variation, should be taken into account when proposing such amendments.
ACKNOWLEDGMENTS
The authors wish to thank the official veterinarians and technicians in the participating slaughterhouse for help collecting and packing data material and for hospitality during slaughterhouse visits. The participating slaughterhouse personnel are thanked for shipping of data material and data extraction. A special thanks to Postdoc Ida Thøfner, University of Copenhagen, for invaluable supervision during the study period. This project has received funding from the European Union's Seventh Framework Program for research, technological development, and demonstration under grant agreement n
• 613574 (PROHEALTH). Table A1 . Definitions and scale of visual and invasive criteria and additional findings that were included in the registration form. 
APPENDIX
